The abnormal electrophoretic patterns of the serum proteins in the acute stage of virus hepatitis were first described by Gray and Barron in 1943 (1) and have since been confirmed by several investigators (2) (3) (4) (5) . In the last few years there has been considerable interest (6) (7) (8) (9) (10) (11) (12) (13) in cases of hepatitis progressing to chronic liver disease, or developing post-necrotic cirrhosis. Except for the study by Martin (4) , however, little information has been presented on the serum proteins after the acute stage of the disease.
The present investigation was undertaken to observe the alterations of the serum proteins during the course of virus hepatitis, including its later stages.
METHODS
Electrophoretic runs were performed with standard apparatus and technique, the experimental details having been given in an earlier report (14) . The tests of hepatic function were performed by the usual methods as previously described (14) , alkaline phosphatase being reported in Bodansky units. In our experience (15) , the thymol turbidity test with buffer pH 7 .55 has not infrequently given values of 4 or 5 units in normal individuals.
CASE MATERIAL
Ten volunteer subjects with normal tests of hepatic function served as controls, the data having been previously reported (14) .
Twenty-one clinically typical cases of hepatitis were studied. Histologic verification of parenchymal involvement compatible with virus hepatitis was obtained in 14 cases, the tissue having been secured by one or more Vim Silverman needle biopsies or at laparotomy, and in two cases (E. H. and K. H.) at autopsy. On the basis of history the cases were considered to be infectious hepatitis with exception of two (T. H. and K. H.) regarded as homologous serum hepatitis, having received blood and plasma within 60 to 90 days prior to onset.
For the purposes of study, the material was divided into the following three groups:
Group III-Late follow-up studies, with single electrotrophoretic analyses on sera from 11 patients, ten to 36 months after the acute phase. Serial needle biopsies and repeated tests of hepatic function were performed during the course of observation, as described below.
In addition to bed rest during the acute stage, the medical management included a high protein, high carbohydrate, high caloric diet containing 120 to 150 grams of protein, 350 to 450 grams of carbohydrate, a total of 3,000 to 3,500 calories, supplemented in most instances by 4 to 6 grams of choline chloride daily.
RESULTS

Group I-Acute phase
In all of the ten cases studied during the acute phase histologic examination of liver tissue was obtained, in two instances (E. H. and K. H.) at autopsy. Two of the ten cases (T. H. and K. H.) were regarded as homologous serum hepatitis, and the rest as infectious hepatitis.
Typical electrophoretic patterns are illustrated in Figure 1 , and the data including tests of hepatic function are given in Table I , the cases being listed in order of increasing severity of the disease as judged by the overall clinical picture.
It will be readily observed that diminution of the albumin fraction occurred in all instances even when not evident by the Howe method. Elevation of the gamma-globulin fraction was usually but not invariably present (seven of the ten cases). G. A., J. E., and S. E. exhibited normal gamma-globulins, while H. S. had elevation of the relative proportion (i.e., per cent) but not the absolute value (i.e., grams per cent) of gammaglobulin. Elevated beta-globulins occurred in seven of the ten cases.
The first five cases (C. G., T. J., G. A., J. E., and S. E.) had mild hepatitis with slight to moderately intense jaundice. C. G. showed elevated alpha-2-, beta-, and gamma-globulins, with almost normal thymol turbidity and negative cephalin cholesterol flocculation test. T. J. exhibited elevation of all the globulins, with both thymol turbidity and cephalin cholesterol flocculation tests within normal limits. G. A., J. E. (Figure 3) , and S. E. had normal gammaglobulins, the first two with elevated beta-globulins ( Figure  2 ) had only relative but not absolute increase of the beta-and gamma-globulins, while the others all showed pronounced relative and absolute gamma-globulin elevations. A. E. (Figure 4 ) and K. H. had elevated beta-as well as gammaglobulins. A high alpha-l-globulin occurred in T. H. The abnormalities of the serum proteins in these five cases of severe virus hepatitis were in general considerably more pronounced than in the five with clinically milder disease.
Group II-Course of the disease
The five cases with follow-up studies showed evolution of the electrophoretic patterns toward respective Greek letter prefixes. The unlabelled peaks are the stationary anomalous boundaries due to gradients of buffer salt. residual abnormalities were observed with diminished albumin and elevated alpha-2-, beta-, and gamma-globulins. Follow-up needle biopsy of the liver revealed definite post-necrotic cirrhosis with distortion of the lobular architecture.
Group III-Late follow-up studies To assess the late effects of virus hepatitis, single electrophoretic analyses were performed on sera from 11 individuals who had clinically recovered from acute hepatitis during hospital admissions 10 to 36 months previously. In all cases tests of hepatic function had been carried out at intervals. None of the patients were alcoholics or had symptoms referable to the liver or gall bladder prior to the onset of acute hepatitis. Except for C. B., none had recurrent jaundice after the initial episode.
Typical electrophoretic patterns are illustrated in Figure 5 and the data including the tests of hepatic function are listed in Table III G. G., a 50 year old male, had recovered from mild infectious hepatitis 16 months previously and remained asymptomatic thereafter. Electrophoretic analysis revealed elevated beta-and gamma-globulins. All tests of hepatic function were normal.
R. W., a 64 year old male, had recovered uneventfully from mild acute hepatitis 12 months previously. Electrophoresis showed elevation of the beta-and gammaglobulin fractions. The tests of hepatic function were normal except for slightly elevated thymol turbidity (6.2 units).
J. G., a 58 year old male, had been asymptomatic for 36 months following recovery from severe acute hepatitis (with laparotomy biopsy). Electrophoretic analysis revealed diminished albumin and slightly elevated gammaglobulin. The total serum bilirubin was 1.2 mg. per cent, other tests of hepatic function being normal. Two consecutive needle biopsies of the liver showed minimal post-necrotic scarring. C. P., a 55 year old female, had recovered from moderately severe acute hepatitis ten months previously and remained free of symptoms. The electrophoretic findings were diminished albumin and elevated gammaglobulin. Bromsulfalein test showed 27 per cent retention, and the cephalin cholesterol flocculation and thymol turbidity tests were positive.
M. K., a 48 year old male, had been asymptomatic for 14 months after severe acute hepatitis. Electrophoresis revealed diminished albumin and elevated gamma-globulin. Tests of hepatic function were all normal. Needle biopsy of the liver showed minimal post-necrotic scarring.
M. J. S., a 62 year old female, had severe hepatitis (with laparotomy biopsy) 29 months previously with complete clinical recovery. There had been no symptoms referable to the liver since then. The electrophoretic pattern was the most abnormal of the group, with diminished albumin and elevated beta-and gamma-globulins. The cephalin cholesterol flocculation was 4 + and thymol turbidity was 9.0 units, the highest values in the group, the other tests of hepatic function being normal. Needle biopsy of the liver revealed post-necrotic scarring with disturbed architecture.
DISCUSSION
Electrophoretic analyses of the serum proteins in virus hepatitis were first described in 1943 by Gray and Barron (1) who reported five cases with diminished albumin in all, elevated gammaglobulin in four, and elevated beta-globulin in two. These observations have been confirmed and extended by subsequent investigations (2) (3) (4) (5) , including the present study.
The ten cases of acute virus hepatitis studied all exhibited diminished albumin values on electrophoretic analysis, even when not evident by the Howe fractionation. Elevated gamma-globulins occurred in seven of the ten cases, and elevated beta-globulins in the same number, other variations being less frequent.
Comparison of the five clinically mild with the five severe cases of acute hepatitis revealed no strict correlation between clinical severity and extent of deviation from normal serum protein composition. This is well illustrated by the case of T. J. with quite mild clinical manifestations and slight jaundice, yet considerable abnormality of the electrophoretic pattern. On the other hand, the five severe cases all had markedly abnormal patterns, with generally greater deviations from normal than the mild cases.
The changes show similarities to those observed in a previous study of portal cirrhosis (14) . The cases of portal cirrhosis with clinical manifestations such as jaundice, edema, or ascites had more pronounced abnormalities, however. In such patients, moreover, beta-globulin increases without marked elevation of gamma-globulin did not occur, in contrast to the virus hepatitis cases G. A. and J. E., with beta-globulin elevations alone. The patterns in acute virus hepatitis also resembled those observed in Weil's disease (16) , chronic Brucella hepatitis (17) , and infectious mononucleosis (18 (19, 20) . Although a final answer to the problem cannot be given on the basis of the present evidence, it is suggested that the hepatic involvement in virus hepatitis, plays a major role in the disturbances of the serum proteins. The current interest in the late manifestations of virus hepatitis with prolonged hepatic dysfunction or post-necrotic cirrhosis led to the follow-up studies undertaken. To our knowledge the only previous investigation with serial electrophoretic analyses of virus hepatitis sera has been that of Martin (4) in which the maximum period of observation was 64 days. Martin's data show a number of positive findings on tests of hepatic function at the end of observation, but abnormalities of the electrophoretic patterns in only two of his 11 cases.
The present data, on the contrary, demonstrate the frequent occurrence of residual abnormalities of the serum proteins even after long asymptomatic periods.
Of the five cases followed after the acute phase, two with mild acute hepatitis showed complete reversion to normal serum protein composition. The other three with more severe acute episodes exhibited residual abnormalities of the electrophoretic pattern 128, 290, and 396 days after the initial study even though the patients were asymptomatic and had almost normal tests of hepatic function.
The late follow-up studies on sera from individuals who had clinically recovered from the acute phase of virus hepatitis ten to 36 months previously revealed frequent if usually slight abnormalities of the electrophoretic pattern. Of the 11 examined, only three patterns were considered well within the normal limits. Among the group of sera there were four instances of diminished albumin values, six elevated gammaglobulin fractions, and five elevated beta-globulins. Residual abnormalities in one or more tests of hepatic function were likewise observed.
No cases of virus hepatitis with chronic jaundice were encountered.
Post-necrotic scarring was demonstrated on follow-up needle biopsy of the liver in four cases (J. G., M. K., M. J. S., and A. E.). These four patients had normal bromsulfalein tests as well as prompt (1 minute) bilirubin values (21) . The electrophoretic patterns revealed definite residual abnormalities, relatively minor in J. G. and M. K., and more marked in M. J. S. and A. E.
The occurrence of positive cephalin cholesterol flocculation and thymol turbidity tests in the presence of normal values for gamma-globulin, and conversely the occurrence of abnormalities of the serum proteins without positive flocculation or turbidity tests has been pointed out in the presentation of the data above. These findings, while of interest, are not unexpected in view of the complexity of these reactions. Recent investigations (3, 5, (22) (23) (24) (25) (26) have shed some light on the mechanisms of these tests, such as the evidence for the role of lipo-protein of the beta-globulin fraction in the thymol turbidity test. Nevertheless, many problems of the precise interactions of the proteins remain to be clarified. SUMMARY 1. Electrophoretic analyses of the serum proteins in ten cases of acute virus hepatitis revealed diminished albumin values in all, elevated gammaglobulins in seven of the ten, and elevated betaglobulins in the same number.
2. Cases of severe acute hepatitis showed in general more pronounced changes than milder cases, but no strict correlation existed.
3. Serial electrophoretic analyses disclosed reversion of the serum proteins to normal in two cases of acute hepatitis, but persistent abnormalities were observed in three cases despite clinical recovery.
4. Late follow-up studies on sera from 11 individuals who had clinically recovered from acute virus hepatitis ten to 36 months previously revealed residual abnormalities in the electrophoretic patterns of eight of the 11 sera.
